Any deconvolution method is based on a model of the source wavelet. A compact parametrization for a bandlimited wavelet is presented. The non-stationarity caused by absorption is easily included into the expression for the wavelet.
Introduction
The performance of any deconvoltuion algorithm substantially relies on convenience of paramertization used for wavelet description. Any deconvolution method is based on some parametrization, even if no explicit assumptions are made. For example, the conventional spiking deconvoluiton (Robinson, 1957) and minimum entropy (Wiggins, 1978) algorithms utilize the well-known in the theory of stochastic processes models of autoregression (AR) and moving average (MA), respectively. Maximum entropy spectrum analysis (Burg, 1975) uses an AR wavelet decomposition. In their research, Porsani and Ursin (1998) use an explicit ARMA signal decomposition for non-minimum phase deconvolution. Recently Saggaf and Robinson (2000) turned to an ARIMA model to account for reflectivity non-whiteness. Most deconvolution methods based on higher-order statistics (Mendel, 1991) consider a trace to be an ARMA random process. Some approaches based on an assumption of wavelet finite cepstrum use parametrization in the cepstrum domain (Tribolet, 1978) . The importance of a compact and convenient parametrization was discussed by Neidell (1991) who argued that in most cases the wavelets we encounter might be very simple. Some phase correction schemes consider a wavelet as an all-pass operator with a simple phase. Levy and Oldenburg (1987) suggest a single coefficient parametrization for phase rotation deconvolution.
Band-limited wavelets and parametrization of nonstationarity
The seismic wavelet is usually band-limited. Therefore, imitation of a full-band deconvolution leads to instability of the inverse filter estimates. In this research, we introduce a model for a band-limited wavelet and consider its phase and amplitude correction within the signal band with preserved spectral contents outside it. We follow the work of Malkin and Finikov, 1986 who approximated a wavelet, ) (t w , using its phase decomposition into a set of basic functions. In the frequency-domain their parametrization reads: proved convenient and resulted in a compact parametrization. In most cases it is enough to estimate 5 -7 decomposition coefficients. Now we generalize expression (1) to include amplitude spectrum decomposition and absorption into it. To do this, assume that in the recorded trace the wavelet is stationary in several time gates. Then in the k th gate we have
where 2 ) ( 
. The amplitude and phase spectra decompositions use smooth basic functions to enable the inverse filter estimator better differ between peaked spectrum of reflectivity and smooth spectrum of the wavelet. In other words, extraction of a smooth component from the traces' spectrum, the conventional problem that any deconvolution method tries to tackle, is suggested to solve by decomposing the spectrum into a set of smooth basic functions with a small number of decomposition terms. The absorption effect is parametrized with a single coefficient. Here we follow the approach of Gelius, 1987 , but state that the choice of the phase function, ) (ω H , is inessential for our deconvolution scheme.
Amplitude spectrum correction with Q estimation
We perform deconvolution in two steps. In the first step, the amplitude spectrum and absorption are treated with the wavelet phase untouched. It the second step, the data after amplitude deconvolution and absorption correction are zero-phased. The parametrization considered above makes it possible to improve the statistics for the estimator. The matter is that this approach imitates deconvolution with a large single adjusting gate rather than multiwindow deconvolution. The amplitude spectrum parameters to be estimated are common for all the adjusting gates and the inverse filters differ only in the absorption term parametrized with a single coefficient. Absorption in the upper gate is automatically included into the estimated common amplitude spectrum. So, we can afford to provide the scheme with a larger number of samples. Hence we design a more reliable and robust estimator than that in the multiwindow deconvolution. The objective to be minimized with respect to the parameters i is one-sided with the first sample equal to unity. Since the basic functions used for both log-amplitude spectrum and absorption parametrization are zero-mean, the operator will satisfy this condition. After the vector α and coefficients θ are estimated, the inverse operator to be applied might be zerophase or combined with a minimum-phase spectrum.
The proposed way of amplitude spectrum decomposition is similar to the cepstrum one. The differences lie in the possibility of the limited spectrum band ) , ( 2 1 ω ω decomposition and in the application of the optimization procedure to estimate the parameters with constrains taken into account. But the algorithm has got all the advantages of cepstral methods.
Zero-phasing
After correction for the wavelet amplitude spectrum and compensation for absorption, zero-phasing might be applied to improve the resolution. Similarly to algorithm given above, we posed the wavelet phase correction problem as an optimization: estimate an operator ) , ( t f β having the frequency domain representation (1) with flat amplitude spectrum such that The main difference of our approach from other optimizational phase estimation methods is the parametrization we suggest: it can account for a larger class of functions. And it is an essential feature of the approach since our experience shows that real wavelets, especially in case of land acquisition, usually have complicated phase and cannot be zero-phased with simple inverse operators like phase rotators. Figure 1 shows a segment a Western Siberia stack. A substantial absorption effect can be easily seen. If the problem solved is data resolution improvement, the phase spectra of the inverse filters will play the key role. But the choice between a zero-and minimum-phase inverse Q filter will not be essential since the latter has got nearly a linear phase within the signal band. The lack of high frequencies caused by absorption and with no phase distortions introduced cannot significantly degrade the resolution ability of the wavelet. Moreover, the inverse Q filter can deteriorate data resolution since the added highfrequency components of the wavelet can have complicated phase characteristics. Actually, absorption masks poor wavelet resolution ability in case of its complicated phase. To solve the data resolution problem correctly, zerophasing must be applied after amplitude spectrum correction. 89.248.189.34 . Redistribution subject to SEG license or copyright; see Terms of Use at http://library.seg.org/ interpolated in both x-coordinate and time. The inverse Q filters that correspond to all absorption coefficients involved are calculated and put into a file. The operators applied to the data provide non-stationary inverse filtering. Subsequent (or preliminary) band-pass filtering might be required. Figure 2 displays the result of amplitude deconvolution with Q correction. In this case resolution was improved and the data show spectral stationarity in time. A stack with no absorption and broad amplitude spectrum is good for zerophasing.
Results
The zero-phasing output is given in Figure 3 . The wavefieled is substantially improved, especially within the intervals (750,1250)ms and (2200,2500)ms. The data show better resolution and more details.
Conclusions
Most of the parametrizations used in data processing are stationary. Hence, they do not account for wavelet varying in time. This leads to the situation when correction of wavelet non-stationarity is performed by multiwindow deconvolution. A common feature of such schemes currently used is that they consider each filter adjusting gate independently. We make a global estimation of a single inverse operator from all the gates specified improving the reliability of the obtained estimate.
The advantage of the discussed approach to deconvolution is that the wavelet amplitude and phase spectrum correction problems are considered separately. The scheme consists of two steps and each of them is carried out independently. In other words, the amplitude spectrum and Q factor estimators are independent from phase and the zerophasing estimator's objective function has the same global maximum for any amplitude spectrum.
Parametrization (2) is a good starting point for development of surface-consistent correction algorithms that separate the source and receiver impact on the wavelet shape. After taking the logarithm of the spectrum, a set of linear equations similar to that in the statics correction problem will be obtained. It can be easily solved with respect to the parameters involved in (2).
